The purpose is to investigate how the outcomes of a randomized controlled trial (RCT) of catheter-directed thrombolysis (CDT) versus anticoagulation alone for acute submassive PE would affect clinical decision-making. An online survey was sent to the Pulmonary Embolism Response Team Consortium members and the North American Thrombosis Forum members. Participants rated their preference for CDT on a 5-point scale in 5 RCT outcome scenarios. In all scenarios, subjects in the CDT group walked farther at 1-year than those in the anticoagulation group. A total of 83.3% of patients and 67.1% of physicians preferred CDT (score > 3) if it improved exercise capacity and did not increase bleeding. In every scenario, patients scored CDT higher than physicians (p < 0.05 for each). Bleeding and clinical deterioration were independently associated with the mean score. Patients' age, gender, and history of PE did not influence CDT scores (p = 0.083, p = 0.071, p = 0.257 respectively). For patients, 60% > 60 years, 65.5% < 60 years, 57.1% of men, and 66.3% of women preferred CDT across scenarios. In conclusion, the majority of respondents would choose CDT if it improves long-term exercise capacity and does not increase bleeding. Patients appear to accept a higher bleeding risk than physicians if CDT improves long-term exercise capacity.
Introduction
The optimal management of submassive pulmonary embolism (PE) is uncertain. Submassive PE is associated with a higher rate of clinical deterioration and mortality compared to low-risk PE when treated with anticoagulation alone [1] [2] [3] [4] . Survivors may also suffer from a long-term "post-PE syndrome" (PPS) and chronic thromboembolic pulmonary hypertension (CTEPH), characterized by decreased exercise tolerance and quality of life [5, 6] . Although anticoagulation alone is the current standard of care, it does not adequately protect against these outcomes. In a recent randomized controlled trial (RCT), there was a 5.6% rate of clinical deterioration within 7 days and a 3.2% 30-day mortality rate in patients with submassive PE who were treated with anticoagulation alone [4] . A meta-analysis of randomized trials demonstrated a survival benefit when systemic thrombolytic therapy is used in patients who present with submassive PE [7] . However, there was a much higher risk of major bleeding compared with anticoagulation alone. In the PEITHO trial, there was a 11.5% major and a 2% intracranial bleeding rate between randomization and day 7 in the systemic thrombolysis group [4] . Therefore, catheter directed-thrombolysis (CDT) has emerged as a promising therapy that has the potential to improve short and long-term outcomes. Targeted delivery of a low-dose thrombolytic drug into the clot through a multi-side hole catheter could mitigate the risk of major bleeding complications while achieving better drug effectiveness [8] . However, CDT's efficacy and safety have been inadequately evaluated [1, 2, [9] [10] [11] .
Three prospective studies (ULTIMA, SEATTLE II, PERFECT registry) have studied CDT as a therapy for submassive PE [12] [13] [14] . ULTIMA, which included 59 patients, was the only randomized trial comparing CDT with anticoagulation. It showed that CDT is superior to anticoagulation alone in improving RV dilation at 24 h, without an increase in bleeding complications. However, the study was underpowered to assess short and long-term clinical outcomes of CDT and the risk of development of PPS or CTEPH. A recent retrospective evaluation of 105 patients with massive and submassive PE showed significant improvement in right/left ventricular ratio at 24-48 h in patients who were treated with catheter-directed therapy compared to anticoagulation alone [15] . A survey of physicians who treat submassive PE suggested a predilection for CDT despite equivocal guidelines and the lack of rigorous studies, further supporting the need for a randomized clinical trial of CDT versus anticoagulation alone [16] .
Based on the recommendations of a multidisciplinary panel of experts, an application for a randomized controlled trial (RCT) comparing CDT to anticoagulation for the treatment of submassive PE was submitted to the National Heart, Lung, and Blood Institute (NHLBI) to address this data gap [2] . Because the primary endpoint for this proposed trial evaluates exercise capacity at 1 year using the 6-minute walk test, we sought to understand how physicians and patients would weigh long-term positive trial results against varying risks of bleeding and clinical deterioration. Surveys were sent to members of the Pulmonary Embolism Response Team (PERT) Consortium and the North American Thrombosis Forum (NATF) communities, representing physicians and patients, respectively.
Materials and Methods
From 1 September to 20 September 2017, a link to an electronic survey (via surveymonkey.com) entitled "How would the PE-TRACT final outcomes affect your decision making for treatment of submassive PE?" was sent to physician members of the PERT Consortium (http://pertconsortium.org). A similar electronic survey written for laypersons was sent to members of the NATF community (https://natfonline.org) who are either patients who experienced venous thromboembolism (VTE) or families and friends of patients. The surveys were closed on 15 October 2017, and the results were analyzed.
After collecting demographic information, both questionnaires presented 5 scenarios of potential outcomes of an RCT comparing CDT with anticoagulation versus anticoagulation alone for the treatment of submassive PE (Table 1) . In all 5 hypothetical scenarios, subjects undergoing CDT had a longer 6-minute walk distance at one year (better exercise tolerance) than those treated with anticoagulation alone. Then, each scenario presented varying rates of 30-day clinical deterioration and 7-day major and intracranial bleeding risk in the 2 groups. In the physician survey, clinical deterioration was defined as cardiac arrest, systolic blood pressure < 90 mmHg for 15 min or greater, vasopressor support, or respiratory decompensation (endotracheal intubation) [4] . Respondents were asked to rate their likelihood of choosing CDT on an ordinal scale of 1-5 (1 ("never"), 2 ("almost never"), 3 ("occasionally"), 4 ("almost always"), and 5 ("always")). Scores of 4 and 5 indicated a preference for CDT. • Patients who get CDT + blood thinners are able to walk farther 1 year later than patients who only get blood thinners • The rate of serious bleeding is much higher in patients who get CDT (risk is quadrupled).
•
The rates of intubation and chest compressions are the same in both groups
The risk of major bleeding is quadrupled with CDT; no difference in clinical deterioration.
S5
• The 6-minute walk distance is 40 m longer in the CDT group • 7-day major and intracranial bleeding are 4 times higher in the CDT group, similar to the systemic thrombolysis group in PEITHO (10% major and 2% intracranial) • 30-day clinical deterioration is lower in the CDT group
• Patients who get CDT + blood thinners are able to walk farther 1 year later than patients who only received blood thinners • The rate of serious bleeding is much higher in patients who get CDT (risk is quadrupled).
• Patients who get CDT + blood thinners do not have to be intubated or receive chest compressions as often as those who get blood thinners alone
The risk of major bleeding is quadrupled with CDT; clinical deterioration is lower in the CDT group CDT, catheter-directed thrombolysis.
The mean scores with 95% confidence intervals (CIs) were used to compare CDT preferences between physicians and patients, whereas the median scores were used to measure the central tendency for the following reasons: (1) The numbers derived from Likert scales represent ordinal responses.
(2) The non-normal distributions of response data can result in a mean score that is not a helpful measure of the data's central tendency [17, 18] . For the purpose of the analysis, the CDT scores were converted into a binary outcome: A score > 3 was considered to represent a preference for CDT.
To assess the relative impact of bleeding risk and clinical deterioration on the scores provided by physicians and patients, two surrogate variables were created. The bleeding and clinical deterioration risks associated with CDT relative to anticoagulation alone were captured in an ordinal variable for bleeding risk and a binary variable for clinical deterioration. A numeric variable for bleeding assumed the value 1 when the treatment options were assumed to have equivalent bleeding risk (scenario 1) and the value 2 or 3 when the bleeding risk of CDT was respectively assumed to be 2× (scenarios 2, 3) or 4× (scenarios 4, 5) higher than that for anticoagulation group.
Ordinal scores from the 5 scenarios were compared using paired-sample Wilcoxon signed ranks tests. The percentage of participants showing a preference for CDT was compared using the McNemar test for paired binomial proportions. An exact Mann-Whitney test was used to compare patients' and physicians' ordinal scores, and the Fisher exact test was used to compare CDT preferences between physicians and patients. Multivariate regression was used to assess the impact of bleeding and deterioration risk on CDT preference. Least squares regression was used to model the ordinal score, and logistic regression was used to model CDT preference. A sample size calculation was performed post hoc using an online sample size calculator (https://www.surveymonkey.com/mp/ sample-size-calculator) to evaluate whether there was a sufficient number of physician and patient respondents. All statistical tests were conducted at the 2-sided 5% significance level using SAS 9.3 software (SAS Institute, Cary, NC, USA). p values < 0.05 indicated significant findings.
Results
Of 76 respondents to the PERT Consortium questionnaire, the majority were pulmonologists, interventional radiologists, and interventional cardiologists, and practiced in an academic hospital ( Figure 1 ). Seventy-two (94.7%) practiced in the United States, 2 (2.6%) in Canada, 1 (1.3%) in Argentina, and 1 (1.3%) in Brazil. In each of the 5 scenarios (numbered S1-S5), patients scored CDT significantly higher than physicians (mean CDT scores: S1, 4.37 vs. Patients scored CDT significantly higher in S1 than S2 (p = 0.002), S4 (p < 0.001), and S5 (p < 0.001). Mean CDT scores were higher in S2 than S4 (p < 0.001) and S5 (p = 0.009). Mean CDT scores were higher in S3 than S2 (p = 0.004), S4 (p < 0.001), and S5 (p < 0.001). The mean CDT score in S5 was also greater than in S4 (p = 0.003). S1 and S3 scores were not significantly different (p = 1.000) (Figure 3) .
Physician responses showed the same pattern. They scored CDT significantly higher in S1 than S2 (p < 0.001), S4 (p < 0.001), and S5 (p < 0.001). Mean CDT scores were also higher in S2 than S4 (p < 0.001) and S5 (p = 0.018). Mean CDT scores were higher in S3 than S2 (p < 0.001), S4 (p < 0.001), and S5 (p < 0.001). The mean CDT score in S5 was also higher than in S4 (p < 0.001). S1 and S3 scores were not significantly different (p = 0.066) (Figure 3) .
A significantly greater percentage of patients than physicians showed a preference (score > 3) for CDT in scenarios S2 (76.7% vs. 19.7%; p < 0.001), S3 (90% vs. 53.9%; p = 0.002), and S5 (43.3% vs. 10.5%; p < 0.001); (Figure 4 ). In the other scenarios, patients tended to prefer CDT to a greater extent than physicians (NS), without reaching statistical significance.
The percentages of patients who preferred CDT (score > 3) were higher in S1 than S4 (p < 0.001) and S5 (p = 0.002). The percentages were significantly higher in S2 than S4 (p < 0.001) and S5 (p = 0.013). The percentages were significantly higher in S3 than S4 (p < 0.001) and S5 (p < 0.001). They were also higher in S5 than S4 (p = 0.008). There was no significant difference in the percentages of patients who preferred CDT between S1 and S2 (p = 0.500), S1 and S3 (p = 0.625), or S2 and S3 (p = 0.219) (Figure 4 ). The percentages of physicians who preferred CDT were higher in S1 compared to S2 (p < 0.001), S4 (p < 0.001), and S5 (p < 0.001). The percentages were higher in S3 than S4 (p < 0.001) and S5 (p < 0.001). Finally, a higher percentage of physicians preferred CDT in S3 than S2 (p < 0.001) and S2 than S4 (p = 0.013). There was no significant difference in the percentages of physicians who preferred CDT between S1 and S3 (p = 0.121), S2 and S5 (p = 0.118), or S4 and S5 (p = 0.453) (Figure 4) .
In each scenario, there was no statistically significant difference in the CDT score between patients who had prior PE and those who did not (Table 2) . The results of the least squares regression analyses show that bleeding risk, clinical deterioration risk, and respondent type (patient or physician) were independent predictors of mean CDT scores (p < 0.001) when controlling for the other two factors. The effect of increased bleeding risk on CDT scores was unchanged at different levels of clinical deterioration risk and vice versa for both patients (p = 0.985) and physicians (p = 0.259). The effect of increased bleeding (p = 0.116) or clinical deterioration risk (p = 0.513) on CDT scores was not affected by responder type. Patient age, gender, and history of PE had no significant effect on CDT scores (p = 0.083, p = 0.071, p = 0.257 respectively). It was found that 60% of patients ≥ 60 years and 66% of patients < 60 years preferred CDT across all scenarios (NS, p = 0.601), and 66% of women and 57% of men preferred CDT across all scenarios (NS, p = 0.312).
Similarly, bleeding risk, clinical deterioration risk, and responder type were independent predictors of CDT preference (p < 0.001) when controlling for the other two factors. The effect of increased bleeding risk on CDT scores was unchanged at different levels of clinical deterioration risk and vice versa (p = 0.695). The effect of increased bleeding (p = 0.853) or clinical deterioration risk (p = 0.668) on CDT scores was also not affected by responder type.
Discussion
Since the passage of the Affordable Care Act and the creation of the Patient-Centered Outcomes Research Institute (PCORI), patient engagement in clinical trial design and decision making has gained traction [19] . Research funded by PCORI has shown that this shared approach results in better outcomes for patients with chest pain and prostate cancer [20, 21] . At present, differing medical opinions and the lack of level 1 data for CDT have hampered shared decision making for this therapy in submassive PE [16] . An RCT of CDT reporting short and long-term outcomes would potentially improve decision making, but only if the results were relevant to all stakeholders. Thus, understanding how both patients and physicians would interpret the results of such a trial has considerable value. In this investigation, we sought to understand how physicians and patients would balance positive long-term trial results with varying risks of bleeding and clinical deterioration. We found that the majority of respondents would choose CDT if it improves long-term exercise capacity and does not increase bleeding. Patients appeared to accept a higher bleeding risk than physicians if CDT improved long-term exercise capacity.
The differential response to increased bleeding has several potential explanations. Physician respondents may be strongly influenced by their experience managing serious bleeding, and few physicians use thrombolytic therapy even in massive PE [22] . Moreover, most physicians who treat acute PE may not be personally involved in long-term follow-up and are therefore unfamiliar with long-term exercise limitation and reduced quality of life following PE [5, 23] . On the other hand, patient respondents may not fully appreciate serious bleeding, or they accept the relatively low risk of serious bleeding if there is a high chance of maintaining good exercise capacity. A prospective observational study by Devereaux et al. showed that patients with atrial fibrillation placed more value on the avoidance of stroke and less value on the risk of bleeding than physicians [24] . Two similar studies incorporating patients' preferences into decision making reached a similar conclusion [25, 26] . In a systematic analysis of patient preferences of oral anticoagulants for stroke, Wilke et al. showed that patients were willing to accept 4.4 major bleeding risk to prevent one stroke [27] . In these studies, and ours, it appears that long-term disability is weighted heavily by patients, and major bleeding, while a modifier, is a risk they are willing to take in order to preserve quality of life.
Clinical deterioration also influenced patients and physicians differently. In scenarios with intermediate bleeding risk, more than 75% of patients preferred CDT, regardless of whether it decreased the rate of clinical deterioration. In contrast, the rate of clinical deterioration did affect physicians' CDT preference in these scenarios: A majority of physicians preferred CDT only when the increased bleeding risk was offset by a decrease in clinical deterioration. These differences may also be the result of experience. Most physicians have witnessed and managed clinically deteriorating patients, whereas most patients do not have a personal understanding of such incidents.
The physician respondents were representative of real-world PE management teams. However, emergency medicine (EM) physicians were not represented. Though EM physicians are often involved in institutional PERTs, they may be under-represented in the PERT Consortium, or they declined to respond to the survey for unknown reasons [28] . The patient respondents were demographically similar to patients presenting with PE: More than 60% of patients were older than 60 years. It is likely that the NATF respondents are more informed about PE and its short and long-term consequences than other laypersons, given their active membership in a VTE patient-advocate organization. Therefore, their answers may differ from non-physicians who are not aware of PE.
There was no correlation between patients' CDT scores or preference and age. These findings imply that patients value the ability to exercise regardless of age. Similarly, there was no correlation between CDT preference and history of prior PE. Conceivably, respondents who did not have a PE had a friend or family member who did, and this second-hand experience may explain the similar CDT scores between the 2 subgroups (PE vs. no-PE). There was also no association between patients' gender and CDT scores, which is expected given that there are few clinically significant differences in the presentation, treatment, or clinical course of PE between genders [29, 30] . However, these results need to be interpreted with caution, since the sample size was insufficient to allow us to perform well-powered subgroup analyses.
The present study has several limitations. First, although the survey was sent to each group twice, the response rate was low. Seventy-six physicians responded, providing a sufficient sample size (62 were required). However, only 30 NATF members responded, providing an insufficient sample size (64 were required). A better response rate may have been achieved by sending a third reminder and keeping the survey open for a longer period of time (not done for practical reasons). Administering the survey during annual meetings of the NATF and PERT consortium would theoretically improve the response rate, but these meetings did not occur during the time window of this survey. Second, there were likely selection biases. Surveys were sent to PERT Consortium physicians who are familiar with PE management and the current literature. Thus, their answers may not be generalizable. The same applies to the answers from the NATF community. These members have expressed a dedication to fighting PE, which may skew their preferences towards actively reducing PE-related morbidity. However, understanding the preferences of a group of patients and family members personally familiar with the morbidity associated with PE may be more useful than surveying a less-well-informed, general population. A third limitation is that the absolute positive control (improved exercise capacity and lower clinical deterioration) was not surveyed, though the relative contribution of such a scenario to the final results is likely minimal. Finally, differences in wording between the physician and patient surveys and varying levels of comprehension among patients may have influenced results. However, the concordance between patient and physician answers among scenarios (though the absolute percentages within scenarios differed) suggests internal validity.
Conclusions
The survey data indicate that both patients and physicians would choose CDT if it improved long-term exercise capacity and did not increase the risk of bleeding. The risk of bleeding and the extent of clinical deterioration are independent drivers of physician decision-making. Patients appear to accept a higher risk of bleeding to maintain exercise capacity. Based on these findings, a submassive PE RCT comparing CDT to anticoagulation alone with exercise capacity as the long-term primary endpoint would impact patient and physician decision-making, as long as short-term safety and efficacy were also examined.
